Emotional arousal impairs top-down attentional control while strengthening bottom-up attentional biases. In this study, we examined whether top-down impairments due to arousal can be modulated by increasing the perceptual salience of the target stimulus. To examine this question, we briefly displayed positive and negative arousing images prior to the encoding of 2 emotionally neutral items, 1 of which was to be remembered and 1 of which was perceptually salient (the to-be-remembered and the salient items were either the same item or different items). Eye tracking was used to measure attention biases during the encoding of the 2 competing neutral items, as well as to measure pupillary responses to the preceding modulator image. Viewing emotional images, regardless of valence, impaired top-down attention to animate stimulus targets (i.e., animals), regardless of perceptual salience. However, these effects on encoding had no influence on recognition memory. Taken together, these findings reveal that exposure to emotionally arousing images impairs top-down attention to animate stimuli, regardless of whether that stimulus is perceptually salient.
Emotionally arousing stimuli attract attention and are more memorable than are nonemotional stimuli (Mather, 2007; Pourtois, Schettino, & Vuilleumier, 2013; Talmi, 2013) . Even after they are removed from view, they continue to influence attention, modulating biases among competing neutral stimuli (T.-H. Lee, Itti, & Mather, 2012; Phelps, Ling, & Carrasco, 2006; Sutherland & Mather, 2012 ). Yet it is unclear whether arousal's influence on attention is consistent across top-down and bottom-up attention biases. It is also unclear whether the associated valence of the arousal modulates these effects similarly. Furthermore, do emotion-induced changes in attention to neutral items influence episodic memory for those items? Here we examined the effects of exposure to an emotionally arousing stimulus on eye movements made during the encoding of neutral items that varied in perceptual salience and goal relevance and also examined subsequent changes in recognition memory due to these factors.
Attention biases arise from bottom-up and top-down influences that occur when competing stimuli have different levels of visual salience and goal relevance, respectively (Pessoa, Kastner, & Ungerleider, 2002; Theeuwes, 2010) . Stimuli have visual salience when they stand out due to contrast with their surroundings, resulting in a bottom-up attention bias toward the salient stimuli (Itti & Koch, 2001 ). On the other hand, stimuli that participants are instructed to identify or respond to in a task have goal relevance (Clark & Beck, 2010) . Top-down processes control visual selection of goal-relevant stimuli and rely on executive control, unlike bottom-up control of visual selection (see Hammen, 2005) . The reliance on executive control is the key distinction between these two forms of attention, although it is not always straightforward how to categorize certain factors that bias attention, such as the social relevance of a stimulus (Birmingham, Bischof, & Kingstone, 2009 ) or one's prior experience with a stimulus (Gotlib & Joormann, 2010) . For our purposes, we define top-down attention as visual processing biases that arise from differences in goal relevance. Likewise, by bottom-up attention we refer to visual processing biases that are driven by differences in perceptual salience.
When searching for a goal-relevant stimulus, one must represent that stimulus in working memory and compare it with representations of incoming stimuli. This is an executive function (Mogg & Bradley, 2005; Ravizza & Delgado, 2014) . But the release of norepinephrine in prefrontal regions during high arousal states leads to impairments in working memory and executive control (Hammar & Ardal, 2009) . Thus, if an emotional stimulus elicits an arousal response increasing norepinephrine release, prefrontal processes that help guide top-down attention will briefly be impaired (also see Pessoa, 2009) . Prior exposure to an emotionally arousing stimulus should therefore suppress top-down attention biases to goal-relevant stimuli that are subsequently presented (Lerner & Henke, 2008 ). Yet it is unclear whether manipulating the perceptual salience of the goal-relevant stimulus modulates this suppression.
The biased competition model of attention (Beck & Kastner, 2009; Desimone & Duncan, 1995) states that stimulus representations compete in sensory cortex and that salient stimuli initially have the strongest representations and thus initially attract attention. Top-down influences that are controlled by the goals of the viewer can suppress or strengthen these representations. According to the arousal-biased competition (ABC) model (Mather & Sutherland, 2011) , prior exposure to an emotionally arousing stimulus amplifies the effects of biased competition, further increasing attention to salient stimuli and further inhibiting attention to nonsalient stimuli. However, it is unclear whether such effects will be observed when executive resources are consumed by representing a goal-relevant stimulus in working memory.
It is important to note that emotional arousal is not limited to negative valence, and there is evidence that arousal has similar effects on bottom-up attention biases regardless of whether the associated valence is positive or negative (Brosch, Sander, Pourtois, & Scherer, 2008; . Because a majority of the procedures used in the findings just outlined manipulated only negative arousal, it is unclear whether both positive and negative arousal have the same influence on top-down and bottom-up attention biases and later memory. According to Arnsten's (2011) model of norepinephrine and prefrontal function, positive and negative arousing stimuli will have similar effects on subsequent visual processing. Similarly, the ABC model suggests that valence will not interact with arousal in amplifying bottom-up attention biases.
Moreover, the degree to which a stimulus receives attention should be reflected in later memory. Emotional stimuli themselves receive more attention and are better remembered than are neutral stimuli (Mather, 2007) , but it is unclear whether emotional influences on attention to subsequent neutral stimuli will likewise be reflected in a similar memory bias. In general, the more attention a stimulus receives, the more likely it is to be remembered (Katon, 2003; Papakostas et al., 2004 ). Yet it is unclear whether increases (or decreases) in attention to neutral stimuli encoded during an arousal response will accompany increases (or decreases) in memory for those neutral stimuli.
To examine these questions, we exposed participants to positive arousing, negative arousing, or nonarousing neutral images as a manipulation of emotional arousal and valence. Following this arousal modulator image, two neutral items were simultaneously presented and overt attention to each of the two items was measured via eye tracking. Top-down attention was manipulated by directing participants to remember one of the two items. To manipulate bottom-up salience, we presented one of the two items in full contrast whereas the other was presented in lower contrast, making either the target or the distracter visually salient. Physiological arousal was examined by measuring pupil responses to modulator images (Bradley, Miccoli, Escrig, & Lang, 2008) . After a short delay, recognition memory for the target and distracter items was tested. Arousal, regardless of valence, was expected to interfere with executive control (Hammar & Ardal, 2009 ), meaning that viewing time of targets would decrease and viewing of distracters would increase on positive and negative trials. Moreover, arousal was also expected to amplify bottom-up attention biases that are driven by differences in perceptual salience (Mather & Sutherland, 2011) and increase viewing time to high salience stimuli and decrease viewing time to low-salience stimuli, regardless of valence. Demonstrating such effects would show that emotional arousal in general has opposing influences on subsequent top-down and bottom-up attention.
Method Overview
Emotion-induced changes in attention were examined by exposing participants to positive arousing, negative arousing, or neutral images prior to viewing an animal and an object pair of images. To manipulate top-down attention, we directed participants to remember either the animal or the object. Bottom-up salience was manipulated by presenting one of the two items in full contrast, making it more visually salient than the paired lower contrast item. Proportion of viewing time was used to calculate attention biases to the target and distracter stimuli on each trial. In addition, pupillary sizes were compared across the three emotion conditions. However, these analyses were conducted post hoc, because the procedure was not designed specifically for pupillary comparisons between images from the International Affective Picture System (IAPS; Lang, Bradley, & Cuthbert, 2005) across trials.
Participants
Thirty-six adults (28 female) ranging in age from 19 to 33 (M ϭ 23.56, SD ϭ 4.02) were recruited from the Rotman Research Institute volunteer pool. All participants reported normal or corrected-to-normal vision and hearing.
Stimuli
A total of 120 IAPS images (Lang et al., 2005) were used to manipulate emotional arousal (see Table 1 ). They were selected based on the normalized ratings from the stimulus set. Each of the three emotion categories had 40 images that were selected based on normalized valence and arousal ratings. The valence scale ranged from 1 (most negative) to 9 (most positive), and the arousal scale ranged from 1 (least arousing) to 9 (most arousing). The high-arousal negative images consisted of predatory animals, mutilation, human violence, and suffering and had a mean valence rating of 2.45 (SE ϭ .08), which differed significantly from the valence ratings of the neutral images (M ϭ 5.05, SE ϭ .08), t(78) ϭ 14.78, p Ͻ .001, d ϭ 3.13, and the positive images (M ϭ 7.01, SE ϭ .04), t(78) ϭ 30.27, p Ͻ .001, d ϭ 6.77. The higharousal positive images, which consisted of erotica, playful activities, extreme sports, and scenes of awe in nature, also differed in valence from the low-arousal neutral images, t(78) ϭ 13.29, p Ͻ This document is copyrighted by the American Psychological Association or one of its allied publishers.
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.001, d ϭ 2.97, which included household objects, common social settings, and outdoor scenes. With respect to arousal ratings, the high-arousal negative images (M ϭ 6.37, SE ϭ .05) had higher ratings compared to the nonarousing neutral images (M ϭ 3.13, SE ϭ .06), t(78) ϭ 24.21, p Ͻ .001, d ϭ 5.41. The high-arousal positive images (M ϭ 6.26, SE ϭ .05) also had higher arousal ratings than did the nonarousing neutral images, t(78) ϭ 22.63, p Ͻ .001, d ϭ 5.06, whereas the positive and negative images did not differ. The neutral stimuli used to assess attention and memory consisted of 360 individual items presented on a white background. Half of the items consisted of animals, like a deer and a cat, whereas the other half consisted of common objects, such as a hat and a spoon. Moreover, half of these items were made less visually salient by presenting them in 50% opacity, whereas the salient items were presented with zero opacity.
Procedure
An Eyelink II binocular system (SR Research Ltd.) recorded eye movements at 500 Hz with a spatial resolution of .1°. Participants were placed approximately 70 cm from the monitor. Calibration was performed using a 9-point scale at the beginning of both the encoding and recognition memory phases.
The encoding phase consisted of 120 trials. Each trial began with a single point calibration, followed by a 1-s presentation of an IAPS image (see Figure 1) . After the IAPS presentation, an object item and an animal item were simultaneously presented for 2 s. The IAPS presentation and the animal and object presentation were separated by 1 s, and each trial ended with a 6-s baseline fixation period before calibration for the next trial began. On each trial either the target item or the distracter item was presented with partial opacity (50%), thus rendering the item nonsalient. The paired items were never presented with the same opacity level. Encoding was divided into two separate blocks. In each block participants were directed to remember either the animal item or the object item. Block order was counterbalanced across participants. To ensure the effectiveness of the top-down manipulation, we gave a free recall test every 10 trials for the target items. Following encoding and a 20-min delay, participants completed the recognition memory test, which was self-paced. In this test, 240 object and animal items were presented individually, along with 120 lures (60 animals, 60 objects).
Data Analysis
Attention to targets and distracters was calculated as proportion viewing time (in milliseconds) and submitted to a four-way repeated-measures analysis of variance (ANOVA). The first of the factors was relevance type, which distinguished the viewing of targets versus distracters. The second factor consisted of item type, or whether the target stimulus was an animal or an object item, whereas the third factor consisted of salience type, or whether the target stimulus was salient (no opacity) or nonsalient (with opacity). If the target was an animal, the distracter was always an object (and vice versa), and if the target was salient, the distracter was always nonsalient (and vice versa). The target's item type (animal, object) was not related to our initial hypotheses, but the procedure required two categories of stimuli to produce a goal-relevant attention bias. Given evidence that animate stimuli are remembered better than are inanimate stimuli (Adolphs, 2009; NolenHoeksema, Wisco, & Lyubomirsky, 2008) , item type was included as a factor of interest. The final factor was emotion type, which 2383 , 2396 , 2441 , 2480 , 2500 , 2575 , 2590 , 2593 , 2594 , 2595 , 2620 , 2840 , 2880 , 5130, 5390, 5510, 5535, 5661, 5720, 5731, 5740, 5750, 5900, 7002, 7009, 7025, 7031, 7036, 7037, 7038, 7041, 7052, 7060, 7130, 7140, 7150, 7161, 7175, 7179, 7705 High-arousal negative 1019 , 1026 , 1050 , 1052 , 1114 , 1200 , 1220 , 1300 , 1525 , 1931 , 2053 , 2352 .2, 2730 , 2981 , 3010, 3030, 3051, 3060, 3071, 3100, 3101, 3120, 3130, 3150, 3168, 3170, 3180, 3266, 3350, 3400, 6230, 6570.1, 8230, 9040, 9253, 9300, 9405, 9410, 9600, 9635.1 High-arousal positive 1463 , 2050 Note. IAPS ϭ International Affective Picture System. This article is intended solely for the personal use of the individual user and is not to be disseminated broadly.
had three levels and determined whether an emotionally arousing image with negative valence, an emotionally arousing image with positive valence, or a nonarousing image with neutral valence was presented prior to encoding. Thus, the model resulted in a 2 ϫ 2 ϫ 2 ϫ 3 repeated-measures ANOVA. Recognition memory was calculated using d prime scores, which were submitted to the same four-way repeated-measures ANOVA model that was used to analyze attention biases. In addition, pupillary responses to the IAPS images were measured to examine physiological responses to the three different categories. The area of the pupil was measured at 500 Hz in arbitrary integer units that were used to account for differences in camera placement across participants.
Results
We began by conducting the four-way repeated-measures ANOVA using proportion dwell time to the targets and distracters as the dependent measure (see Table 2 for group means). The four factors were relevance type, item type, salience type, and emotion type, and all four factors interacted, F(2, 70) ϭ 3.44, p Ͻ .05, p 2 ϭ .13. Our first step in exploring this interaction was to conduct two separate three-way ANOVA models, the first using only the target items and the second using only the distracter items. Item type, salience type, and emotion type represented the within-subject factors.
For the target stimuli the main effect of item type reached significance, F(35) ϭ 38.17, p Ͻ .001, p 2 ϭ .52, revealing that animal targets (M ϭ .79, SE ϭ .01) received more attention than did object targets (M ϭ .73, SE ϭ .01). For the distracter stimuli, there was also a main effect of item type, F(1, 70) ϭ 69.77, p Ͻ .001, p 2 ϭ .67, showing that object distracters (M ϭ .17, SE ϭ .01) received more attention than did animal distracters (M ϭ .10, SE ϭ .01). In addition, there was a main effect of salience type, F(1, 35) ϭ 8.70, p Ͻ .01, p 2 ϭ .20, indicating that salient distracters (M ϭ .14, SE ϭ .01) received more attention than did nonsalient distracters (M ϭ .13, SE ϭ .01).
Our next step in exploring the four-way interaction was to analyze animal items and object items separately in a three-way ANOVA, using relevance type, salience type, and emotion type as within-subject factors. For the inanimate object stimuli, there were no significant interactions, and so we did not follow up these analyses further. However, for the animal stimuli the three-way interaction between relevance, salience, and emotion types reached significance, F(2, 70) ϭ 3.39, p Ͻ .05, p 2 ϭ .21. To better understand this interaction, we further separated the animal items into targets and distracters, and two-way ANOVA models were conducted separately on each group, using salience and emotion types as within-subject factors (see Figure 2) Given that both subsequent comparisons reflect the main effects, we created difference scores to examine whether the bias to recognize salient items differed for objects compared to animals. Note. ANOVA ϭ analysis of variance. This document is copyrighted by the American Psychological Association or one of its allied publishers.
However, this comparison did not reach significance, and no other effects in the model reached significance. Finally, we plotted the pupillary responses to the images across the entire trial to examine whether the positive or negative arousing images elicited greater pupillary responses compared to the neutral control images. Based on the response patterns in Figure 3 , the positive images elicited the greatest response toward the end of the interstimulus interval period, as well as the beginning of the animal-object stimulus pair onset. However, the pupillary responses to the negative and neutral images did not appear to differ at any point following the presentation of the IAPS stimulus. Thus, only positive images elicited pupillary responses in relation to neutral images that reflected evidence of physiological arousal.
Discussion
Emotionally arousing stimuli are attention grabbing and highly memorable, and they also have influences on attention and memory that continue after the removal of the emotional stimulus. This is thought to occur due to changes in cognition that allow one to more easily adapt to harmful or threatening circumstances, or to engage in reward-seeking activity (Pizzagalli, 2014) . Once an This article is intended solely for the personal use of the individual user and is not to be disseminated broadly.
emotional stimulus is detected, behavioral priorities shift and executive control resources are allocated to preparing a behavioral response (see Pessoa, 2009 ). This can result in different effects on attention, depending on the way in which it is biased. Evidence has suggested that exposure to emotionally arousing stimuli enhances subsequent attention biases to perceptual salient stimuli when the attention bias is bottom up and does not rely on executive control (T.-H. Lee, Baek, Lu, & Mather, 2014; T.-H. Lee et al., 2012; Sutherland & Mather, 2012 , 2015 ; such effects have been observed with both negative and positive arousing stimuli . In contrast, there has been initial evidence that exposure to negative arousing stimuli weakens subsequent top-down attention biases (Sutherland, Lee, & Mather, 2016) , yet no studies had tested whether this effect is modulated by the relative salience of the target. Here we corroborate that finding and report evidence that positive and negative arousing images impair top-down attention. Yet these effects were limited to animal stimuli and not observed with object stimuli. Why? One possibility is that human perception is more sensitive to stimulus categories linked to evolutionary fitness (Baluch & Itti, 2011) , whereby cognitive processes are "tuned" for situations related to survival and reproduction (Pizzagalli, 2014) . Emotions are adaptive responses to environmental situations related to threat and reward (Spaniol, Voss, & Grady, 2008) , and animals can be inherently threatening (predators) or rewarding (sources of nutrition). From this perspective, animal targets should receive more overall attention than should object targets, which is what we observed. Because of this overall bias, emotion's influence on top-down attention may be greater for animal targets, as we observed in our results. Thus, emotion may impair top-down attention to inanimate targets as well; however, such effects may not be observed when the competing stimulus is an animate object, because animate items naturally draw more attention as a result of being high in evolutionary relevance. This is an important question to specifically address in the future; nevertheless, our findings provide evidence that emotion's influence on attention may be greater for neutral items that in reality move or are to some degree animate, such animals. In addition, the recognition results suggest the impact of bottom-up salience on memory is greater for animals than for objects.
The results of the encoding analyses are also consistent with Arnsten's (2011) model hypothesizing that norepinephrine release in prefrontal regions, which is associated with arousal, impairs executive functions that are needed to deploy top-down attention. These results also lend support to Pessoa's (2009) dual competition framework, which hypothesizes that high-arousal emotions like fear impair executive control and thus weaken top-down attention biases. In addition, our findings suggest that although emotional arousal can impact bottom-up attention biases that are driven by differences in perceptual salience, such effects are not observed when the contents of working memory are consumed by a goal-relevant stimulus. Therefore, although emotional arousal enhances subsequent bottom-up attention biases (Sutherland & Mather, 2012 , 2015 and impairs subsequent top-down attention biases , when both types of biases interact at the same time to control attention, the impairing effects of emotion on top-down attention dominate, and the effects on bottom-up attention are no longer observed. However, it is also possible that the manipulation of bottom-up salience used in our study was not strong enough to make a difference for arousal.
As for recognition memory, it is unclear why emotion had no influence. How one attends to, or encodes, a stimulus greatly influences how likely one is to remember it. However, with respect to eye-tracking measures of attention, it has been shown that emotion-induced biases in attention do not fully explain emotioninduced changes in later memory (Riggs, McQuiggan, Farb, Anderson, & Ryan, 2011) . One possibility is that emotion does not enhance memory for subsequently presented neutral items, despite influencing attention biases to such items. Emotion during encoding is known to influence memory, biasing memory toward emotional stimuli and away from competing neutral stimuli. But when emotions influence subsequent attention biases among competing stimuli that are neutral, it is unclear whether memory will be similarly influenced. No previous studies have tested memory for competing neutral items that were preceded by an emotionally arousing stimulus. Our findings suggest that emotion-induced changes in attention to neutral stimuli are not necessarily accompanied by changes in memory for those stimuli.
However, another possibility is that discrete emotion categories may have specific influences on attention and memory that are not captured by the multidimensional approach taken in this study (see Chapman, Johannes, Poppenk, Moscovitch, & Anderson, 2013; D. H. Lee, Mirza, Flanagan, & Anderson, 2014) . Others have attempted to categorize the IAPS into discrete emotional categories, but unfortunately a majority of the images used in this study could not be isolated to a single emotion category, thus precluding analyses based on discrete categories of emotional stimuli. Attempts to replicate the current findings across different discrete emotion categories or to examine whether these effects are confined to specific emotions like fear, disgust, and happiness are important avenues for future research.
Emotions change how one sees the world, and here we demonstrate that brief exposure to an emotionally arousing stimulus changes how bottom-up and top-down influences interact during perception. Brief states of emotional arousal are experienced regularly outside of the laboratory. For one to understand why people attend to some things and ignore others, a person's emotional state should be considered, even if there is no emotional stimulus present to influence attention.
